Background: Hypertonic saline (HTS) is an effective treatment for patients with increased intracranial pressure (ICP) secondary to traumatic brain injury (TBI). The ideal concentration for use in these patients is not well defined. The aim of our study was to compare Glasgow coma scale (GCS) and mortality of patients after administration of 3% vs. 23.4% HTS in the initial resuscitation.
Introduction
The use of hyperosmolar agents in the treatment of acute phase intracranial hypertension secondary to traumatic brain injury (TBI) has repeatedly been proven effective for controlling intracranial pressure (ICP) and diminishing the detrimental effects of secondary brain injury [1] [2] [3] . Currently, the American College of Surgeons recommends a "tiered approach" to management of intracranial hypertension. Tier 1 recommendations include head of bed elevation, sedation and analgesia and intermittent ventricular drainage for control of elevated ICP.
As a Tier 2 recommendation for elevated ICP (if pressure remains elevated > 20 -25 mm Hg after Tier 1 approach), the ACS recommends use of hyperosmolar therapy, either mannitol or various concentrations of hypertonic saline (HTS), on an as-needed basis [4] . Historically, there has been much debate as to which hyperosmolar agent is more efficacious for lowering ICP and improving mortality for patients with elevated ICP secondary to TBI. However, more recent research appears to favor HTS [5] [6] [7] . For example, a recent meta-analysis by Li et al determined that HTS was more effective than mannitol for reducing ICP in cases of intracranial hypertension [8] .
Although data continue to show the effectiveness of HTS, we are aware of only one prior study, which compared effectiveness of various concentrations of HTS (3% vs. 5%) in patients with acute TBI [9] . That particular study revealed sustained higher serum osmolarity and serum sodium concentrations within the first 72 h using 5% HTS compared to 3% HTS. There are currently no studies comparing the effectiveness of 3% vs. 23.4% HTS.
The . As such, we hypothesize that there will be no significant difference between the two groups in regards to our primary and secondary endpoints.
Materials and Methods
This study was an IRB-approved retrospective analysis that was conducted at an academic urban level II trauma center.
Patients included in the study were admitted under the trauma service to a 12-bed surgical intensive care unit and were managed by a multidisciplinary team led by trauma surgeons.
Patients eligible for inclusion were identified using the Trauma Registry of the American College of Surgeons (TRACS) during a 3-year period, from January 1, 2013 to December 31, 2015. Patients were identified by searching for the admitting and/or discharge diagnosis (and accompanying ICD code) including the terms "traumatic brain injury", "subarachnoid hemorrhage", "subdural hematoma", "epidural hematoma" and "intracerebral hemorrhage". Patients must have had a confirmed diagnosis of TBI via CT scan and were included if they received a bolus of 3% or 24.3% HTS within 24 h of arriving in the emergency department (ED). All patients must have also received 3% HTS as a continuous infusion after the initial bolus. Exclusion criteria included age < 18 years old, pregnant patients, incarcerated patients and patients with intracranial bleeds not secondary to trauma (i.e. those patients with intracranial pathology secondary to brain tumor or spontaneous hemorrhagic stroke).
Demographic data including patient age, sex, ethnicity, admission Glasgow coma scale (GCS) values and injury severity score (ISS) were collected using TRACS. Additional data including the TBI subtype for each patient, incidence of midline shift and/or herniation as well as vitals and lab values were obtained from each patient's medical record. The intracerebral hemorrhage (ICH) score for each individual patient was calculated from data collected from each medical record.
The primary outcomes of the study were in-hospital mortality as well as percentage of patients meeting goal serum sodium and serum osmolality levels within 24 h. Time zero was the documented time of arrival in the ED. Goal serum sodium values for each individual patient were determined and documented by the neurosurgical team involved in each patient's care. The range for goal serum sodium levels was typically between 150 and 160 mEq/L. Goal serum osmolality value was defined as a serum osmolality ≥ 310 mOsm/kg. Secondary outcomes included ICU length of stay, hospital length of stay, GCS at the time of discharge compared to initial GCS, serum sodium and serum osmolality values at time 24, 48 and 72 h. In addition, safety outcomes included incidence of acute kidney injury and hypernatremia (Na ≥ 160 mEq/L). GCS values are designated as mild (13 -15) , moderate (9 -12) and severe (3 -8) based on the American College of Surgeons (ACS) and Eastern Association for the Surgery of Trauma (EAST) guidelines. Acute kidney injury was defined as an increase in serum creatinine of greater than or equal to 1.5 times baseline serum creatinine value, according to the RIFLE criteria [10] .
Results
A total of 363 trauma patients were reviewed, of which 31 were included in the study (21 patients received 3% HTS bolus and 10 patients received 23.4% HTS bolus). Patient demographics were relatively similar between the two groups ( Table 1) .
There was no significant difference in injury severity score (22 (10 -26) vs. 25 (18.3 -25); P = 0.37) or intracranial hemorrhage score (median of 1.0 (0.0 -3.0) for the 3% HTS group vs. median of 1.5 (1.0 -3.0) for the 23.4% group; P = 0.15) between the two groups. However, the 3% HTS group did have a significantly higher initial ED GCS compared to the 23.4% HTS group (11.0 (6.0 -14.0) vs. 4.0 (3.0 -8.8); P = 0.02) and were less likely to undergo immediate neurosurgical intervention (28.6% vs. 40.0%; P = 0.27), although this was not statistically significant (Table 1) .
There was no statistical significant difference in in-hospital mortality between the two groups (52.4% vs. 50.0%, P = 0.45) ( Fig. 1 ). There was also no statistical difference in both ICU length of stay in days (7.0 (5. Table 2) .
The initial sodium value in the ED (mEq/L) was comparable for both groups (median of 135.0 (132 -138) for the 3% HTS group vs. median of 134.5 (133 -138.3) for the 23.4% HTS group; P = 0.36). At 24 h, however, the 23.4% HTS group had a significant higher serum sodium concentration (median of 144.0 (140.0 -146.0) for the 3% HTS group vs. median of 150.0 (147.5 -153.3) for the 23.4% HTS group; P = 0.015), higher percentage of patients reaching goal serum sodium values (33.3% vs. 70.0%; P = 0.028) and goal serum osmolality values (35.7% vs. 77.8%; P = 0.026) compared to the 3% HTS group (Fig. 2) . This was at the expense, however, of a clinically significant increase in incidence of severe hypernatremia in the 23.4% cohort (0.0% vs. 40.0%, P = 0.009).
Of patients who presented to the ED with moderate (9 -12) or severe (3 -8) GCS scores, we compared the percentage of each cohort that improved to a mild (13 -15) GCS score at the time of discharge. There was a clinically significant increase with the 23.4% HTS group with our finding that 8.3% vs. 44.4% (P = 0.029) of these patients improved from a moderate or severe GCS (3 -12) at presentation to a mild GCS (13 -15) at the time of discharge.
Discussion
In this retrospective non-randomized study, we compared the Traficante et al J Curr Surg. 2019;9(4):39-44 clinical outcomes and differences between patients with suspected elevated ICP secondary to TBI who received either 3% or 23.4% HTS during their initial resuscitation. The authors are aware of no other studies comparing the effectiveness of these two commonly used concentrations of HTS. The primary outcome of the study demonstrates no significant difference in in-hospital mortality between the two groups. It is important to point out that there was a trend towards patients with worse initial GCS values to receive 23.4% HTS. Although we did not find any significant change in mortality, based on improvement in GCS values there appears to be a clinically significant improvement in morbidity with the use of 23.4% HTS. Because Comparison of 3% vs. 23.4% HTS in TBI J Curr Surg. 2019;9(4):39-44 of the small non-randomized sample size, as well as the inherent limitations of being a retrospective study, the data should be taken with a grain of salt. However, the authors believe the data warrant additional prospective studies in the future to further evaluate our conclusions.
The study is also notable for two other important findings. A higher proportion of patients in the 23.4% HTS group reached goal serum sodium and serum osmolality levels at 24 h with the caveat that these patients were also more likely to develop severe hypernatremia. As more recent research appears to favor HTS, this has become our first-line hyperosmolar agent for patients with suspected increased ICP. Physiologically, it is the increased concentration of sodium intravascularly that leads to the osmotic shift and decreased ICP. For all patients receiving hyperosmolar therapy, we closely monitor their serum sodium and serum osmolality values. Although Wells et al described poor correlation between serum sodium value and ICP, we continue to monitor this value in patients receiving hyperos-molar therapy to be cautious of severe or extreme elevations in serum sodium [9] .
In fact, a safety outcome in our study revealed a clinically significant increase in the percentage of patients receiving 23.4% HTS who developed severe hypernatremia, which was defined as sodium greater than or equal to 160 mEq/L. These severe elevations in serum sodium levels may lead to fatal arrhythmias, acute kidney injury, altered mental status, seizures, coma and even death [11, 12] . Similar to mannitol, higher concentrations of HTS in animal studies, specifically 23.4% HTS, have also shown to have diuretic effects [13] .
Another safety outcome of our study revealed an increase in percentage of patients that developed acute kidney injury for those patients who received 23.4% HTS. Acute kidney injury was defined as an increase in serum creatinine more than 1.5 times baseline, per the RIFLE criteria. Although this increase was not clinically significant, a study may be warranted with increased number of patients to further explore this side effect Traficante et al J Curr Surg. 2019;9(4):39-44 [10, 14] . Goal serum osmolality for our study was chosen to be ≥ 310 mOsm/kg, based on previous studies, which demonstrated improved outcomes for patients who reached a value of 310 -320 mOsm/kg [15] . Because the calculated mOsmol delivered per dose is fairly equal between 3% and 23.4% HTS, as previously described, we were surprised to see the significant finding that patients in the 23.4% HTS group reached goal serum osmolarity values more rapidly than those patients in the 3% HTS group at 24 h. There are several limitations of our study. First and foremost, our study is a retrospective analysis, which has inherent limitations by design. In regards to concentration, amount and delivery (bolus or continuous infusion), there is currently no standardized protocol for the delivery of hyperosmolar therapy in our hospital. Because of these differences and the need to study patients receiving HTS in the same manner, we were limited in the study's sample size with a total number of 31 patients. In addition, there are some important differences in the patient demographics between the two groups including admission GCS and percentage of patients undergoing neurosurgical intervention. These differences may have contributed to the choice of which HTS concentration to use and outcomes that we observed in our study. Finally, although all of the included patients had suspected elevated ICP secondary to their injury, another limitation was the lack of reported ICP pressures data points for each patient. Therefore, patients may have received hyperosmolar therapy without having truly clinically significant elevations in their ICP.
Conclusion
This study compared the outcomes and differences between patients with suspected elevated ICP secondary to TBI who received 3% or 23.4% HTS during their initial resuscitation. Patients who received 23.4% HTS were more likely to reach goal serum sodium and serum osmolality levels at 24 h with the caveat that there was also a higher rate of severe hypernatremia. In addition, there was no significant difference in in-hospital mortality for patients who received 3% or 23.4% HTS. This study adds important data regarding the comparison of using 3% or 23.4% HTS in patients with suspected elevated ICP from TBI. While this study suffers from the limitations of a retrospective non-randomized design, it points to the need for a randomized controlled trial to compare the efficacy of 3% vs. 23.4% HTS in this patient population.
